We measured the acoustic properties and mineralogic compositions of 79 rock specimens from mixed carbonate-volcaniclastic minicores drilled from cores of the Holocene and Pleistocene reef tract in Tahiti, French Polynesia (Integrated Ocean Drilling Program Expedition 310). Three significant sediment groups with distinct physical properties were distinguished: coralgal-microbialite framework, coralgal-microbialite framework with dispersed volcaniclastic grains throughout the micrite matrix, and cemented volcaniclastic-skeletal sand and coral framework. Variations in acoustic velocity (porosity range = 1%-35%) are primarily controlled by porosity, secondly by the ratio of carbonate-volcaniclastic material, and thirdly by the introduction of fringing cement. Linear regression fitting resulted in a velocity-porosity-carbonate content transform that predicts acoustic velocity at different levels of volcaniclastic contamination. The intersection point of the velocity-porosity transform with the zero-porosity axis decreases with decreasing carbonate content, which may be explained by the presence of clay minerals and organic content. Another observation is the property of magmatic minerals with high matrix velocity to positively affect the transmission properties of acoustic waves at high porosity. The Tahiti reefs are significant in the fact that the framework is formed by microbialite in association with coralgal reef systems. Microbialite is often volumetrically the most important component of the reef rock and forms a dense mass that is capable of withstanding extraneous particles being dispersed within the matrix. Carbonate-lithoclastic sand from an older underlying reef sequence displays different petrophysical behavior. The slope of the velocity-porosity transform is steep, with large data scatter that is controlled by the presence of fringing cement lining the grains. Cement-rich samples show positive deviations from the velocity-porosity transform, whereas cement-poor samples have relatively low velocity for a given porosity. For all sediment groups, Gardner's experimental curve underestimates the observed acoustic velocities, probably because it does not account for variations in texture, mineralogy, and pore geometry. The velocity-porosity transform by Wyllie describes observed acoustic velocity trends for the clean carbonate samples but significantly underestimates velocity when magmatic minerals are introduced into the matrix. These findings underline the significantly more complex acoustic behavior in mixed carbonate-volcaniclastic sedimentary rocks than in pure siliciclastics
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Introduction
Understanding the controls of petrophysical properties of porous media is a key issue in interpreting data from seismic sections or from acoustic logs of sedimentary sequences.
Unfortunately, the unpredictable character of porosity in carbonates complicates the relationship between physical and geological properties. Carbonate sediments are prone to rapid and pervasive diagenetic alterations that change the mineralogy and pore structure within carbonate rocks. In particular, cementation and dissolution processes continuously modify the pore structure to create or destroy porosity. All of these modifications alter the elastic properties of the rock and, therefore, the acoustic velocity. The result is a dynamic relationship between primary depositional lithology, diagenesis, porosity, rock texture, and acoustic velocity (Anselmetti and Eberli, 1993) . Mixed carbonate-clastic settings present a special challenge in this respect. Carbonate platforms attached or proximal to hinterland may suffer from clastic influx, particularly during periods of sea level fall or lowstand (e.g., Playford, 1980; Sonnenfeld and Cross, 1993; Rankey et al., 1999) . Also during other moments of sea level position, riverine transport and oceanic longshore currents may carry clastic material into carbonate provinces (e.g., Dunbar and Dickens, 2003; Cunningham et al., 2003) . Few studies exist that investigate acoustic velocity distribution in mixed carbonate-clastic sediments. Kenter and Ivanov (1995) Kenter et al. (1997b) focused on mineralogical and diagenetic controls on acoustic properties of Permian samples from New Mexico. In a following study they used these measurement values for synthetic seismic modeling of large outcrop sections in the same study area (Kenter et al., 2001) . Anselmetti et al. (1997) investigated the physical properties of Neogene subsurface deposits of the Florida Keys to document the inherent reflectivity of different lithologies and compared these with seismic-reflection patterns from offshore seismic lines.
Extensive work over the last few decades has established some relatively simple relations between acoustic velocities and important rock parameters such as porosity and density. The classic velocity transforms, Wyllie's time-average equation (Wyllie et al., 1956 ), Raymer-Hunt-Gardner's modified time-average equation (Raymer et al., 1980) , and Gardner's empirical relation (Gardner et al., 1974) , allow prediction of P-wave velocity from porosity or bulk density. Such transforms are simple and convenient but generally fail to account for variations in velocity at a given porosity value. For mixed carbonate-siliciclastics, such empirical relationships have substantial limitations because they do not take into account the type of porosity, diagenetic parameters, or mixed mineralogy. Global trends in most published data, however, do follow the time-average and Gardner's equation (Gardner et al., 1974) . Recently, Kenter et al. (2007) published a new methodology to extract rock texture information from acoustic velocity data alone through cross-plots of Poisson's ratio versus P-wave velocity. Verwer et al. (2008) amended that specific diagenetic overprint can be postulated from the position of samples in that particular space.
During Integrated Ocean Drilling Program Expedition 310 (Camoin et al., 2005) 37 boreholes across 22 sites were drilled around Tahiti Island (French Polynesia) (Fig. F1A) to accomplish the following objectives:
• To establish the course of postglacial sea level rise at Tahiti,
• To define sea-surface temperature (SST) variations for the region over the 20-10 ka period, and
• To analyze the impact of sea-level changes on reef growth and geometry (Camoin et al., 2005) .
To meet these objectives, the late deglacial reef sequence, which consists of successive reef terraces seaward of the living barrier reef, was cored from the DP Hunter (Fig. F1B ) during October and November 2005. In addition to the mission's scientific objectives, the expedition provided the unique opportunity to study the physical characteristics of young carbonate sediments, Holocene and Pleistocene in age, prior to any diagenetic overprint, such as mechanical compaction or cementation and recrystallization.
In this paper we report on the controls on the acoustic properties of Holocene and Pleistocene "young" carbonate reef sediments recovered from Expedition 310 Sites M0005-M0026 (Camoin et al., 2005) . The analysis makes use of the combined petrophysical and petrographical approach of Vernik and Nur (1992) and Kenter et al. (2007) to study the acoustic behavior of mixed carbonate-volcaniclastic sedimentary rocks. We investigated and modeled the relation between carbonate fraction, volcaniclastic material (predominantly igneous minerals and minor clay), and porosity at effective stresses to 10 MPa. In addition, we compared and evaluated the variations in velocity, density, and porosity between the discrete sample set, core-log data, and downhole logging data.
Tahiti geology and core lithology
Tahiti is the largest of the Society Islands in French Polynesia and is composed of twin shield volcanoes (Fig. F1A ) that were active from 1.367 ± 0.016 to 0.187 ± 0.003 Ma . The island is surrounded by modern discontinuous fringing reefs that grade locally into a chain of barrier reefs commonly interrupted and locally enclosing a narrow lagoon. The barrier reef complex includes, from land seaward: a backreef zone that corresponds to a 1 km wide bay, reaching a maximum depth of 20 m; a relatively narrow reef flat zone (130 m in maximum width); and an outer-reef slope that consists of coralbuilt spurs and grooves. In the northwest, the reef foreslope gently deepens seaward to depths of 15 m and then steepens sharply to 50 m and forms an almost vertical wall between 50 and 100 m (Fig. F2) .
Cored material shows that the reefs around Tahiti are composed of two major lithologic units: a late deglacial carbonate sequence (Unit I) and an older Pleistocene sequence (Unit II) (see the "Expedition 310 summary" chapter) (Figs. F2, F3 ).
Unit I is primarily composed of coralgal-microbialite frameworks ( Fig. F3A) commonly interlayered with skeletal limestone and loose skeletal sediments, including coral and algal rubble and skeletal sand. The coralgal-microbialite frameworks that form the bulk of this unit are characterized by widespread development of microbialites (Fig. F3A, F3B ), which locally represent the major structural and volumetric component of the reef rock. They developed within the primary cavities of the reef framework, where they generally overlie crusts of nongeniculate coralline algae (Fig. F3B) . Microbialites generally comprise a suite of fabrics including two end-members represented by laminated fabrics and thrombolitic accretions; laminated fabrics generally correspond to the most abundant fabric. The late deglacial sequence at Maraa and Tiarei displays a difference in levels of volcaniclastic component, with the reef at Tiarei containing a greater volumetric component ( Fig.  F3C-F3F ). This can be observed in the core and downhole magnetic susceptibility logs and quantified by mineralogical analyses.
Lithologic Unit II is a coralgal framework interbedded with skeletal grainstone to packstone rich in volcanic grains (Fig. F3G, F3H ). Coralgal frameworks exhibit evidence of diagenetic overprints, including the alteration of coral skeletons and the occurrence of solution cavities. Large solution cavities display yellow and brown to reddish brown staining. Some solution cavities are partly filled with sediments. Noncarbonate grains can be found as individual grains of olivine, pyroxene, and plagioclase, but millimeter-sized subrounded basaltic lithoclasts are also common (Fig. F3G, F3H ).
Methods and materials
The data set analyzed in this paper is composed of downhole logging data, core logging data, and discrete measurements on core plugs from the follow- 
Velocity, density, and porosity
Acoustic velocity, density, and porosity were measured on 79 samples drilled from the Tahiti cores. In the core laboratory 1.5 inch diameter cylindrical samples were drilled using a water-cooled diamond coring drill. Samples were taken in the horizontal direction at an approximate resolution of one per 1.5 m core section. Although sufficient for our purposes, the sampling was not ideal because of the small core diameter (6.7 cm) with respect to the sample diameter (3.81 cm), which limited sampling locations. Therefore, the downhole representation of physical properties might be limited. Sample ends were ground flat and parallel to within 0.01 mm. Following these measurements, samples were saturated with deaired brine (35‰ NaCl) by storing them in a vacuum for 72 h. Ultrasonic P-wave (V P ) and S-wave (V S ) velocities were measured as a function of pressure. A single P-wave and two S-wave velocities were measured with a transducer arrangement (Verde Geoscience, Vermont, USA) that propagated the Pwave and two independent and orthogonally polar-ized S-waves (V S 1 and V S 2) along the core axis. The experimental procedure for obtaining acoustic velocities involves measuring the one-way traveltime along the sample axis and dividing by the sample length. In the experiment, a source and receiver pair of similar crystals is selected through an ultrasonic signal selector switch. The source crystal is excited by a fast rise-time electrical voltage pulse, which produces an ultrasonic pulse with a ~1 MHz frequency. The arrival time is picked when the signal exceeds a threshold voltage equal to 3% of the overall peak to peak amplitude of the first three half-cycles of the signal. Precision of the velocity measurement in lowporosity carbonates is within ~0.5% (Kenter et al., 1997a) . Ultrasonic measurements were conducted at five effective stresses (Pe) that ranged from 0 to 10 MPa. Common values for confining pressures were 0, 2.5, 5, 7.5, and 10 MPa. Because pore pressure is kept constant at 0 MPa, confining pressures represent effective pressures. Following the acoustic measurements, dry (ρ d ) and wet (ρ w ) bulk densities were calculated from dry and wet weights and measured cylinder volumes. Grain densities (ρ g ) were measured using a Micromeritics AccuPyc 1330 helium pycnometer. Total porosity (φ) was calculated from dry and grain density. More detailed procedures are described by Kenter and Ivanov (1995) .
Shipboard discrete measurements of P-wave velocity were made using a P-wave sensor (PWS3) on a modified Hamilton frame velocimeter (Boyce, 1976) . The PWS3 system uses a vertically oriented transducer pair capable of measuring sample cubes or cylinders. An acoustic signal of 500 kHz was transmitted and received by the two transducers. First-arrival waveforms from samples in which the signal was weak were manually picked. Measurements were performed on brine-saturated samples (35‰ NaCl) at ambient pressure.
Core acoustic velocity, gamma density, and magnetic susceptibility were measured using a multisensor core logger (MSCL; Geotek Ltd.). Transverse P-wave velocity was measured using two P-wave transducers aligned perpendicular to the core axis with P-waves passing through the core horizontally (in whole-core setup). A P-wave pulse centered on 320 kHz frequency is transmitted through the core. The traveltime of the acoustic signal divided by the core thickness presents the acoustic velocity. Sensors were calibrated against a tube filled with synthetic brine (35‰ NaCl). Gamma density is measured by determining the attenuation of gamma rays (from a small 137 Cs source [10 millicurie; 0.662 MeV energy]) that pass through the cores and is used to estimate bulk density. The degree of attenuation is proportional to the electron density in the gamma path. Attenuation measurements were calibrated against an aluminum cylinder with varying thicknesses of known density. Porosity is converted from the density curve by making use of a constant grain density for carbonate of 2.718 g/cm 3 (Mavko et al., 1998) . Whole-core magnetic susceptibility was measured on the MSCL using a Bartington MS2 meter coupled to a MS2C sensor coil with a coil diameter of 88 mm, operating at a frequency of 565 Hz. Measurement spacing interval was set to 1 cm for all three sensors.
Sonic velocity was measured with a 2PSA-1000 sonic probe (Mountsopris Ltd.). The tool was calibrated by the manufacturer. The measurement spacing interval was set to 0.15 m. No nuclear tools for measuring density were deployed during Expedition 310 because of environmental constraints. Further information regarding shipboard measurements of discrete samples, downhole logging, and core logging are described in detail in the "Expedition 310 Summary" chapter.
Mineralogic content
Mineralogic content was measured using thermogravimetric analysis (TGA) using a TGA-601. The thermogravimetric analyzer measures weight loss as a function of temperature. Weight loss of 1-2 g of sample material is measured under increasing temperature. Temperature, temperature rate, and atmosphere type are selected and monitored during five continuous weight-loss steps. In the first stage, under an oxygen atmosphere, the decomposition of organic matter is detected. In the second stage, under a nitrogen atmosphere, the decomposition of carbonate is measured. Temperature steps included 25°-105°C (moisture), 105°-480°C (organic matter), 480°-600°C (hydroxyl groups), 600°-875°C, and 875°-1000°C (carbonate). The leftover ash residue represents the mineral fraction that is not combusted below 1000°C. Precision is within 3% depending on sediment origin (Konert, unpubl. data).
Petrography
For petrographic study, all plug ends were selected to reveal the sediment fabric and diagenetic features. Plug ends were impregnated (Dickson, 1965) with epoxy, and thin sections were cut parallel to the longitudinal axis. Thin sections were studied under plane-polarized light on a Zeiss optical microscope.
Results

Acoustic velocity, density, and porosity
Laboratory data
Cross-plots of discrete measurements of P-wave velocity versus porosity and density for shipboard and laboratory samples are shown in Figure F4 . The Tahiti samples have a narrow range in velocities. Pwave velocity of the laboratory samples varies between 2900 and 5000 m/s, and S-wave velocity varies between 1700 and 2850 m/s ( Table T1 ). The V P /V S ratio varies between 1.74 and 2.11, with an average of 1.92. Poisson's ratio varies between 0.21 and 0.40, with an average of 0.31. Porosity ranges from 1% to 35%, and bulk density ranges between 1.94 and 2.54 g/cm 3 for saturated samples. Grain density values are between 2.58 and 3.10 g/cm 3 (mean = 2.88 g/cm 3 ). Generally, velocities display a nearly linear decrease with increasing porosity and an increase with increasing density (Fig. F4) . The scatter in velocity of samples with the same porosity can be as much as 1000 m/s for P-wave velocity and 600 m/s for S-wave velocity. The mean percentage deviation of the averaged orthogonal polarized S-waves for the samples is 1% (mean absolute deviation = 30 m/s, σ = 35 m/s). To assess the errors associated with measurement, the standard deviations of ultrasonic velocities were estimated by error propagation. The ends of the samples are flattened within 0.01 mm. When the length is repeatedly measured, no significant variability is observed, so we consider the length error free. The precision of the measured velocities is within 3%. We estimate the standard deviation of the density to be within 0.5%. The estimated standard deviations (σ) are as follows: σ (V P ) = 9 m/s, σ (V S ) = 5 m/s, and σ (ρ w ) = 0.006 g/cm 3 .
Core measurements and downhole logs
Physical properties as a function of depth for three holes are plotted in Figure F5A -F5C along with the same physical properties determined from the discrete shipboard (open triangles) and laboratory (open rectangles) measurements. What is most obvious is that discrete velocity measurements do not coincide with core measurements and downhole logs. Measurements on the core plugs are offset positively from core measurements, whereas the downhole logging data show lower velocities compared to core measurements. Density and porosity measurements of discrete samples are in good agreement with core measurements. Differences between discrete velocity measurements and core and downhole logging data are as much as 800 and 1200 m/s maximum for the lithologic Unit I samples, respectively. Discrete measurements of Unit II samples show much smaller offsets, as much as 400 and 800 m/s maximum, respectively, for core measurements and downhole derived data (Fig. F5C) . Figure F6 shows cross-plots of velocity and porosity from MSCL core logging data and discrete plug measurements for Holes M0005D, M0009B 
Petrography and insoluble residue
The mixed siliciclastic-carbonate samples were divided into groups based on petrographic observations of textural factors (e.g., Vernik and Nur, 1992; Kenter et al., 2007) and geochemically segregated according to content of carbonate and noncarbonate fractions (Table T1) . These petrophysical groups and their associated characteristics include: (1) Holocene volcaniclastic-poor carbonates (Maraa Site, lithologic Unit I), (2) Holocene volcaniclastic-rich carbonates (Tiarei Site, Unit I), and (3) Pleistocene reefal-volcaniclastic carbonates (Maraa Site, Unit II).
For the Unit I samples from Maraa, mean carbonate content is 95% (minimum = 90%; maximum = 96%). Samples are dominated by coralgal-microbialite framework with little contamination from volcaniclastic input. Unit I samples from Tiarei display mean carbonate content of 83% (minimum = 69%; maximum = 96%). The samples are also mostly composed of coralgal-microbialite framework but with variable amounts of volcaniclastic grains dispersed through the matrix. 
Discussion
Acoustic velocity is a complex result of several parameters that together control range and absolute values of velocity in sedimentary rocks. In the next sections we discuss the controlling factors and compare their significance in controlling the acoustic properties.
Mineralogic composition
Pure carbonates are characterized by the lack of clay or siliciclastic content and are mostly produced and deposited on the top or on the slope of isolated or detached carbonate platforms, which have no hinterland as a source of terrigenous material (Wilson, 1975; Eberli, 1991) . They consist of >95% of the carbonate minerals calcite (low-and high-Mg), dolomite, and aragonite. The Tahiti reef system is unusual because a large part of the framework is not only made up by in situ coral colonies and skeletal sand but also, and in fact volumetrically most abundant, by microbialite. These reefal microbialites correspond to a late stage of encrustation of the dead parts of coral colonies or, more commonly, of related encrusting organisms (red algae and foraminifers), thus forming surface crusts . The microbialites consist of laminated crusts and clotted micritic masses and are characterized by a suite of characteristic fabrics. Their growth forms, great variations in thickness, lateral persistence, and small-scale internal structures allow them to be interpreted as bioaccretionary features . They form crusts on average a few centimeters thick, locally up to 10 cm thick, that comprise stacked generations of accretions displaying a wide range of growth forms ranging from irregular domes and bulbs to columnar.
Significant in Tahiti is that the carbonate reefs are contaminated with terrigeneous input (volcaniclastic in origin) from the island. The microbialites in particular are capable of withstanding terrigeneous influx during accumulation and trapped extraneous particles within the microbially mediated precipitation of micrite . The abundance of volcaniclastic material probably reflects a depositional input signal which was influenced by (1) the discharge of the Tiarei river supplying the Tiarei site carbonate samples with dispersed fine to medium sand-sized volcaniclastic grains through the matrix, versus a "clean" reefal system at Maraa with very little insoluble residue; and (2) well-rounded sand-to small pebble-sized volcaniclastic grains found throughout the Pleistocene sequence. This last may point to a different carbonate platform geometry compared to the Holocene sequence, with different hydrodynamic and sediment supply conditions that favored the transport and abrasion of coarse volcaniclastic grains, which were subsequently incorporated in the bioclastic grainstone. Figure F7A and F7B are cross-plots illustrating the clear relationship between insoluble residue and sonic velocity. Samples high in carbonate content plot toward the higher velocity values. At values <8% noncarbonate content, velocities are >4500 m/s. Minor amounts of noncarbonate material, clay, and/or quartz silt/sand can dramatically change acoustic velocities (Kenter et al., 1997b) . Clay minerals and organic material have a negative effect on acoustic velocity (Stafleu et al., 1994) . In the Tahiti samples the fraction of clay minerals and organic material present may be as high as 8.6 wt% and as such affect the acoustic velocity, causing negative deviations from the general trends. For Unit I, Site Maraa mean noncarbonate content is 5%, whereas for Site Tiarei mean noncarbonate content is 17%. This results in an overall average decrease in P-wave velocity of 130 m/s.
Rock texture, diagenesis, and Poisson's ratios
Diagenetic overprint is one of the most prominent factors during maturation of carbonate rocks. Carbonate minerals are metastable and prone to rapid and intense modifications that alter the elastic properties of the rock and, therefore, the acoustic velocity. In particular, cementation and dissolution processes continuously modify the pore structure to create or destroy porosity. Unit II samples are different from Unit I samples in two respects. The first is the texture of the sediment. Whereas Unit I samples consist of coralgal-microbialite framework which forms one massive structure, Unit II samples are dominantly arenitic in nature. The granular texture may have originated with wave abrasion of the Unit II reef system, and samples are relatively mature with dominant subrounded grains. The texture would be classified as granular following Kenter et al. (2007 Kenter et al., 1997b) plotted along with the Tahiti sample set. The individual sample sets data are discriminated for carbonate content. Poisson's ratio, which is a specific ratio of P-wave over S-wave velocity, is defined as the ratio of transverse contraction over longitudinal stretching in a stretched bar and is defined as minus to compensate for normal materials. Poisson's ratio influences the speed of propagation and reflection of stress waves and is important in predicting the nature of rocks (Rafavich et al., 1984 ). Poisson's ratio (v) is easily deduced from V P and V S directly through the following equation (Domenico, 1995; Mavko et al., 1998 , p. 52):
In this application, Poisson's ratio can be interpreted to represent a measure of the material response to applied stress, which is directly related to the nature of the mineral and texture makeup of a rock. This procedure has been used in the past by various authors (Ostrander, 1984; Rafavich et al., 1984; Shuey, 1985; Verm and Hilterman, 1995; Berg, 1997; Ozel et al., 1999) as a method to express the dependency of pore type and mineralogy.
From the cross-plot (Fig. F8) a number of observations can be made. The Limburg Quarry and Florida Keys (>0.92% CaCO 3 ) data groups are situated in the upper left quadrant of the plot, corresponding to high Poisson's ratios at relatively low P-wave velocities, typical for clean, immature carbonate samples. The Tahiti sample group is situated at ~4500 m/s Pwave velocity with the samples with >92% carbonate content toward the higher velocity values. The samples with >8% noncarbonate material are found toward velocities of <4500 m/s. Poisson's ratios are relatively high, ~0.32 on average. The Last Chance Canyon data set displays a similar separation at 5500 m/s. In addition, samples rich in clay are discriminated and correspond to P-wave velocity values dominantly <4500 m/s. The Last Chance Canyon sample set, however, shows much lower Poisson's ratios, grouped around 0.25. These rock samples have undergone significantly more diagenetic alteration (cf. Kenter et al., 1997b) . Quartz graywackes and quartz-rich wackestones exhibit sutured grain contacts formed as a result of pressure solution during burial. In addition, biomoldic porosity is partially occluded by columnar and blocky calcite cements that postdate the pressure solution and are therefore a product of burial diagenesis. After burial diagenesis, selective vuggy dissolution created the present-day porosity as a result of dissolution and precipitation in oxygenated meteoric near-surface groundwaters. During burial diagenesis S-wave properties profit significantly more than P-wave properties from compaction and cementation. The frame stiffens, with higher S-wave velocities as a result, hence the lower Poisson's ratios. From the cross-plot one can conclude that the main parameter affecting the acoustic behavior of the samples is the burial diagenesis and presence of noncarbonate material.
Velocity transforms
Popular velocity transforms for density to velocity and porosity to velocity transformations are the Gardner transform (Gardner et al., 1974) ; the Wyllie et al. (1956) equation, or time-average equation; and the modification of the time-average equation of Raymer et al. (1980) . All are empirical relationships. In general, experimental data sets rarely follow these models in great detail, and therefore the equations are used for comparison. Figure F6 shows cross-plots of porosity versus P-wave velocity derived from corelog data from all sites. Discrete laboratory measurements are superimposed. Time-average equations for solid-phase velocities of 6.5 km/s (calcite) and Raymer equations are indicated by a solid line and a dashed line, respectively. Whereas the velocity transforms describe a slightly concave-upward shape, the measured core logging data follow a linear equation and deviate as much as 1000 m/s at a given porosity (Fig. F6) . Figure F9 shows cross-plots of acoustic velocity versus porosity (A) and versus density (B), along with velocity-porosity transforms of Wyllie et al. (1956) for various matrix velocities, and (B) Gardner's equation (1974) (Fig.  F9B) . The Wyllie time-average equation gives a good approximation for samples with up to 18% porosity; however, above this it is clear that with increasing porosity the velocity of the discrete measurements shows a positive deviation from the velocity transforms. The same holds for decreasing density. One possible explanation may be the presence of the volcaniclastic minerals of olivine, pyroxene, and plagioclase with respective matrix velocities of 8480, 7850, and 6300 m/s (Carmichael, 1989) , which are higher than the matrix velocity of calcite (6530 m/s).
A linear regression was used to calculate velocity-porosity transforms that predict sonic acoustic from porosity and carbonate content or at different levels of volcaniclastic contamination. Similar to the velocity-porosity transforms calculated for siliciclastics by Vernik and Nur (1992) , the velocity-porosity relation for a given mineralogic composition is a linear equation. At a fixed porosity, the velocity-mineralogy relation is also a linear function and has a similar variation as the velocity-porosity equation for the range in porosity between 0% and 30% (Fig. F7A) . Subsequently, in this porosity range and for this limited data set the effect of carbonate content on acoustic behavior is comparable to that of porosity. At zero porosity, the clean carbonates (Site Maraa) have Pwave velocities of 4.9 km/s and are as much as 130 m/s higher than those for the volcaniclastic-rich samples (Site Tiarei). With increasing porosity, this difference remains fairly constant as the slopes of the velocity-porosity relation are similar (200 m/s higher diversion at 35% porosity). The intersection point of the velocity-porosity transform with the zero-porosity axis decreases with decreasing carbonate content, which may be explained by the presence of clay minerals and organic content. The slope of the velocity-porosity transform for lithologic Unit II samples (cemented mixed carbonate-volcaniclastic specimens) is steeper than that for high Unit I samples. For P-wave velocities this gradient is 5.14 km/s per porosity unit. This is a more common value for mature carbonate rocks and has been documented in previously published data (e.g., Kenter and Ivanov, 1995; Kenter et al., 1997b) . Figure F5 shows the comparison between downhole logging velocity, core logging velocity, and P-wave velocity in minicores under confining pressure. Sonic velocities are slower than the discrete measurements with the larger excursions toward the lower velocities. For the Tiarei samples there is a poor correlation between log velocity and discrete velocity measured under effective pressure. Log velocities have corresponding laboratory velocities from 5% to 15% higher. Similar observations can be made from the correlation of log velocity with discrete velocity in lithologic Unit I at Site Maraa. Unit II samples from Maraa, however, show much closer agreement between downhole data and laboratory measurements ( Fig. F5A at 21R ). Discrete measurements of Unit I experience larger differences than Unit II samples (cf. Fig. F5A-F5C ).
Comparison with core measurements and downhole logging data
The progressive deviation of discrete velocity from log velocity toward higher values is probably primarily related to the "selective" sampling of more competent (and therefore "faster") rock fabrics during coring operations. In addition, there is a ±2 m uncertainty between the methods used to calculate "log depth" and "core (pipe) depth." Second, one of the most important effects is the introduction of velocity dispersion: seismic velocities increase with increasing frequency (Paillet and Cheng, 1991; Mavko et al., 1998) . Discrete measurements of velocity are performed using ultrasonic frequencies (1 MHz), whereas the sonic log uses 10 kHz frequencies. Third, the quality of the sonic log is closely related to the borehole's diameter and shape. Abundant cycle skipping in the sonic log raw data and poor hole quality (i.e., presence of coring-induced fractures or other damage to the wall of the borehole; see caliper log in the "Expedition 310 summary" chapter) reduce the quality of the sonic log (Bourbié et al., 1987) . Fourth, the scale of lithologic, and therefore petrophysical, alternations within the core is critical compared to the sampling interval of the sonic log. Where discrete measures of velocity are only on matrix sediments, the sonic log provides an average over an interval of 1 ft (~31 cm) in which velocity is averaged over large primary pores containing seawater (~1535 m/s) and rock. These effects should be considered when comparing acoustic data sets from a variety of sources.
Conclusions
Measurements of the petrophysical properties, quantitative mineralogic composition, observations on the texture, and subsequent subdivision into petrophysical groups of 79 rock specimens of young Pleistocene and Holocene sediments have important implications for the understanding of the acoustic behavior of mixed carbonate-volcaniclastic rocks.
Primary control on the acoustic properties is exerted by porosity. The remaining variation in acoustic properties is explained by the mineralogical and textural parameters: the presence of volcaniclastic material and diagenetic alteration. No clear linear thresholds are defined; however, a general trend is that insoluble residue and fringing cement have opposite and overlapping effects on acoustic properties. Where clay minerals and organic material have a negative effect on acoustic velocity, introduction of magmatic minerals in the matrix results in positive deviation in velocity from general trends. Within carbonate-lithoclastic sand the amount of fringing cement controls acoustic velocity.
Common velocity-porosity transforms by Wyllie et al. (1956) and Raymer et al. (1980) only imperfectly explain the observed relationship between velocity and porosity in the data set. Clean carbonate samples generally fall onto Wyllie's curve; magmatic minerals cause positive velocity deviations. Gardner's experimental curve underestimates the velocity-density relation. Poisson's ratio is introduced as a tool to identify maturation overprint of various sample sets from acoustic data alone. High Poisson's ratios (~0.32) correspond to immature data sets, whereas data groups which experienced burial diagenesis display lower Poisson's ratios (~0.25).
These findings suggest a more complicated relationship for mixed carbonate-volcaniclastics than that earlier documented for pure siliciclastics. Reasons for this may be the mineral mixing and the property of carbonate minerals to form more different intercrystalline boundaries under diagenetic alteration. The results of this quantitative analysis may have important implications for the prediction of porosity from acoustic velocities in similar mixtures of sediment. In addition, they may provide a direct link between acoustic properties and the primary depositional system and sequence stratigraphic history of the studied interval thereby connecting geology and seismic. Figure F6 . Cross-plots of porosity vs. P-wave velocity derived from core-log data. Triangles = discrete laboratory measurements, rectangles = discrete shipboard measurements. Solid lines = time-average equation for solidphase velocities of 6.5 km/s (calcite), dashed lines = Raymer equation for solid-phase velocities of 6.5 km/s (calcite). Figure F8 . Cross-plot of Poisson's ratio vs. P-wave velocity for the Tahiti data set along with various literature data sets (Limburg Quarry, Kenter et al. 1997a; Florida Keys, Anselmetti et al., 1997; Last Chance Canyon, Kenter et al. 1997b Poisson's ratio Figure F9 . Cross-plots of acoustic velocity vs. porosity and density undifferentiated for mineralogy. A. Velocity vs. porosity with time-average transforms of Wyllie et al. (1956) 
